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i. amm 

"Ja pnyiovM ealenlatlont, ttm nownt of Jjwrti« of • liquid in a 

dreolar eylintrleal Urk mM trtatad n» a mas-point or «olid cylind- 

rical body*   Siaca, h<nmr*rt th» nomnt of inartia of A!» fluid la 

eensidsrably diffannt fro« theaa, th« following invaatieitlen «at 

earrlad ont, 

Tte aoltttlooa of tha fluid djmaaica aqoaticn« wara dsrivad for an 

idaal fluid (ineoa^nMloia and noitvi'ieoaa/ In a coaplataly fillad 

cimalar eylindrleal tank.   Tt» sonant of Inar^i« of >!» idtai fluid 

«aa «oaparod wttb tha aomat cf inartia ot tha sam fltud la a fretaa 

•Uta.   Oaa t« *J» eo^laxity of tha caaa witl*. frleticn, 10 lanpin« 

ooold ba laeerparatad.   But, It ear ba oaan that tha ralua« of fha 

aoaaat of iMitU ratio i^^vlth danplnr ara Leeatad tatuwi» th« 
.«»'■4 

ratio of tba idaal fluid caaa and unity. 

ttm feaant of inartia of a liquid ir. a partially fillad tank la 

atready frtquaney-danaodant. t It la obtained for tranalatlonal and 

rotational aotiaa of tha tank fro« tha ratulta of Raftren^a 1. 

Qu^inx uaa introducad aa la Rafaranco 2. 



II.   iNTRosuc-i-r 

To obtain t "«r* .-ox-^ct »alue for tr^ control trtcmner. In which 

th« atmtnt at itwrtla of t*« -issile ■'cn'Mura as  1  "*,  -he follovln«; 

Irrrcati^ntion v»* earrlsd out. 

Sir.sc tho TVili in t^« Unlca was cansldewd u « rjtfs pelßt la It» 
* 

ctntar of   ravity in the undliturbad ooaitlon of th« fluid, «Mch oh- 

jrtouaJii- is a very ro'j h aotrojcL-atlon, a bott«r isontcer. vtm aads by 

•o.'vlnt th« hydrodvnmle «qiutlena.    TV sorwnt of Inertia can than b« 

itlculatad with t..e '..'«oran of Stainar for any pivot ^otai, iS Mm Romania 

of iaartla for a parallal >nd rotational rotlon around *.a» eantar of 

crarlty of the ^rw'pturtad fluid -»ra known.    In -Jrtar to flad the»« 

vmluaa a taw addltiorsal (r.Xkredynviie -rroolun» rad to bt aoiTad for a'eon> 

Plata!/ aneloaad fluid naaa in the e"ll:>drls»l ttrk, {till Unk).    The 

valnt« for a partially fill«! tank can oo trkan frc^ r#fr-»nee 1.    Tim 

daavln^ affect w«a tcnelUored in the «a?» way aa It waa *juan in Haf- 

arano« 2. 

'•• conallar a cylindrical tan« lillad (co. olau>l> cr r«rt'-.ll^; 

with fluid.    Tha rotlon of rha fluid in ■ r.a tan:« cruaea i   .onant around 

tfta eavtar of ^rarity of tfm undliturUj f.uld.    Since *-•» -aaent '.a 

.•i • 14 a) 

V» narwnt cf inertia X can o« obtained,    /or usy ?t»ot -olnt of a tank 

lotion wa are aola to celeul*t# with 'hn   v»er«-i ^f ?»^lrpr tha »«eat 

of Inertia 1, tf w« know »a nonenta of irtartla sf '.oriscntal and rota- 

tion«! .notlona.    ITU. *) 

Tva tot*l  tonen: oi  inertia la 

i • ml*» :...  «.:  '}) 



III.   :io;-£!iCU>r..^ 

T,ti Z cyUr^lrlcil coordln«taf (3o il.-, I) 

t 

^ fluid d«n«it7 

b «cc«l*r>tion in «-dlr^tlon 

p rjrtBfur« 

h fluid hilcht 

•j t*-ik roiiiua 

^ -itur&; -irc-aUr lrequ«ncy «t fluid 

^j -irwiar roretd rrcnu«r.cy 

)(s smll ilfpl^ewunt In x^alractlai 

] il*t4re« of pt^ct •vjlnt »a undliturMd ••at«r 
:f    :r«niy oi  ."luld 

(^ a «ell jLi.-'ilar ll^Laeanmt arouni c«t*r of 

<*. riald iwBant «round c«ri«r of ,Ti»l,ty «f un- 
u.st\ru«i fluid {pot. i.i clocicvlM airMtlon! 

X ^•■nl Auction if vr.o ord«r V of •.»» firtt ki-Td v 
£ :oroi cf 'J^ fir»*. .«rivatiTt ef •«■• 3«»»«X 

funeUon 01 first ;rd«T wd fir«» Kind. £!£,.)• J 
i".   .. i.     •  \ 

-JMI\*  i'fftrentitilen vl*.i rt«p«ct to M.» t 

n .11 -M» 

I • x.«,-.V   -if mert'.a 



Sttbf«rlpt rot. nnnngi    for ro*,«ucr«l notion «round j-*xi.a 

W« «enalder )*r* a oonrlewljr filled cyllndr'.c»! ttrk     , in which 

«• do not havi * frtw fluid surface. 

(«)    Trenalcti-e »cvim    "1c. 1; 

21nc« v« rjr.jldor thr fl'tld Irjco'itprtifibl«, «• ImedUtely 

•«• tnat. tic nonent lor - ful: *2i.lc for ,.r«r.«l»tlve notion ia zoro. 

Thu norr-l f.ul« r-icrltles -ir. V.-.e •.»< -curonri"» «re ib* 

Mr» at    ha »windao- v^lceltlca r.osral »c itself,    .'or tnvlacid fluid 

«• hat« to sol'-a {3«<«» ilaf. I; 

A<i -o (u) 

¥ith tt* houndai7   'flndltlana 

-r— «0   for   Z • ■♦ -r   at bottc« and »co 
ÖZ I 

^4     • ^t       , , (5) 
r-* " (Ox.C     u>l <l for  r» a      at  -uaflk wall or ' 

Cither by fhyeical conaidarttion or by aolvir* thla aquation wltn 

the -Ivon boundary conditler? ir ca». ba fauna t^at •-■» velocity potential 

1« independent fror tw axi.ni ^ocardinatc • aal ia 

^f-r   0j -   (CJ x.e1     rcöS ^ 



ilr.ce ite pr<j»«urc9 at vhe ..<«nß»ri«8 «r« 

i -h 

^      ft 
«» « 

v« flnallor fl^ fci' tr.p trrrsixtlvq -o*lcn 

•nr an oscllljtlin A-iund th« y - axis ■»^ S.TOV» XI fi.', 1 

v» «nail obtain th« -vnent c:' Inartla I.,«.   '« '«v« to MIY« (Se* 

Haf, 1} th« Lapliee ot^iatlcn 

<!$  -0 "-2) 

with M» baundai>  ccriltlan» 

T^T "lUSSLt      ZCü\p for r • i 

Tcr s • ♦ ft 



Tim ▼•lorlty potential t   m Q (cjfai*) *» trirnfomod in^o * tLie 

tatepeadeire potential V (r t &, %) If 

6.Y'0 (l$) 

te*    "r • a 

am bit tft« bowjuary comiltlorj 

In orlwr to naJc* the rirat boundary eondl*lon honogenvoua, w^ introd^c« 

th« Uanaforqatlrin 

(17) 

tad obtain a n«w wt of «quatlana 

AlJ   .o '13) 

-^-  «o for     r«a 

-r-i * ^tcu 5»rcoi )^    for    ^.th.' 

!%• aolutlon or Via L&plaea equation 

Ä$   -0 (20) 

t« (MM Appandlx) 

(Jl/^^Z) " iL { A^COSh (K^i) 1-^i.MK(A^)j • (21) 
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Fnn th« boundary conditions It was founds  that 

/    ,V     ' li a> (22) 
A.,-0; 

And finally v» obtain for v» •ndoolty potsntlal 

Ihs prMSWM ilstributlorai *rti 

whlcft if 

.' u « -^  a' 

MM Ui£~l\ I,(in) ' - ' ! 

>.«      tuft   i «4 I   i     H   "T pr%|>  .-?co 5,C       ac^jx--- (25c) 



witft fonaiia 'll, ■ r.,i   Jm '*f. ") 

wa obt«ln for v»   .oi'.crt. drcuM fM c«nt«» of tftvrtXy 

•^—* —r Cu * * 11— r 
(26) 

Slr.c«   . 

Sine« 

Vi» nanant of Intrti« for ■ f .U^d eyUnü«r wiUi Liconprtaaiblt and ncn- 

TISCOVK il-iJ    ■ 

i-^mH'^^^i] (29) 
y 

it %-h« romnt of Irwrtio . t j rl^u cyUadMr wlU» h«li;ht i» an. rtdiu« a and 

r       a 4rmA2-.       T/H.    .1  v29b) 

it rh« corr»»etl3n -c-ont   •:' Inertia lut to t.'.a fsct Uia» «j«.« il^ld In 

tb» ryündor U -ot. -.-.a.    (.vl.:. 3)  la ««. I» '-i» »^e af tte »ownt 

of latrtU at 'i* fliid anJ uomat of ia»r U of ü» "fir^on •t«t•• 
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?or ]» _* Oö J« obtain 

L.m  fi 
■nd for h ^ 0 

v.   •A?.-;L'..'.;: ■::L:.3 c-.i'T^rA! TVIC 

For • -jar- '.cUy nil««! 'ink the -nonents h«T« t>««n oouinad In 3«f. 1 

«nd can o« rjuan frr>- '."»n». 

(a)    ^.-analatlvg ..ijcn '?1,T. 1) 

rha Turent cf ; *xanalativfe notion Mi'crred ro tic urxllBtur-«d 

ooaltton if *.h« (r<«r>r "»f ^rarity -jf Uy>  iluld la ''»• ^7 - ^f. li 

o • witn 

M 

IntTCduci-v a i^.-B'.r!.   Tac'-Qr in •.;•« w-.y w« .ilu u» S«f. <., va  -JOV»!.-. TJ 

♦.ha -onant 

MtwX.f   "«a N   *■   .. •. -—i 1 *■— St >j2} 



«nd riMLlly for -.:« Tunanr ..r u-.-rtla (^»'25.       ) 

- •malL—sAt.*-^...:*}    xX"rr,tL     (-3) 

Th« noivnt referred to *.'■.• • nllaturbed pofltltn of th« center 

of ,T»T1V/ of ♦:>! Huid frr ^ pw.i^lli' flllod cyiindrlcsl lank sarform- 

i.--; a ro^tionai • -:*.lon irourd tr.c •• - axl» ■■§ «hewn la ?lg. 1 is 

>• (5«)   .'^r. :, 

:ine« 

'3^) 

C,, »   .   i f, M»«^ J) ,>f.,JJ 

ard 
4    'TT :--'4-.*-'> 'W. 1) 

M •- 

—£—- . -i—ü— . -J—;Ü— . ^ ♦ -(^..JiM-itAf.»I 

** i,i       "»^ ^iA■.;.'*'--.i;f 
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tnd fLn*lXl' for ♦h« nonnr'   of ir^rtl» 

r        r      r"*" 

^% i.^D-w^-^:'-^-^^) e'ikii^^4))     ^^ 

- '.Ji U^ 
^T       .^ i       2 *      J» 4 m     , 

*2 >;^),W.})-i#- .^—^4)^4^^S} »X, 

Fttrthcmor« w« oouin far tha ratio of UM mamnX at iaartU of UM flal* 

•ad UM waaat it ItMrtU of V» *froMn auu* k 

'.».,*   - / ♦• ^  V ' *   -   ^ - - 2! (3^) 

«biota la ibown la PI«. ?. 
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71.    APPUCAn": 

In i cnmlotisly filled cj'llndar tht nootnt of Inartla for a n^ld 

bcdy vaa .T?pr^d \-.i *iw «rwction nowant of ineroi* dua to th« fact 

that *Jia fluid In Vr.e cyllndar i.» ideal was caiculaUd «ad granhad, 

Thm vai.ua 

tends for h   —♦• 0     to 
a 

3inca 

2-^    ITU 

far h _^^        , w obtain 

.1». 3 shewa t..« r-i«nanta o:   Iner'ir -.nl ».,«• corrcctlan 'err, 

T^« correeticn -»a^nt rf inartla for a fluid -.MB WIU: r  .>*• ilald sur- 

fcca dua ta tranalativ« «na ntot'.onal -.otlör vne cslw2;tno .-.:sl  Tanhed 

fcr the vnlca 
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Olffewnt (üusplm: /tlues   g 

{( • 0| 0.021 0.05} 0.1; 0.2: O.S| 1.0} 

«ad Ttrious frwpitnclti 

w* • O.ltJ.* 

w*« 0.? u»,1 

«'• 1.1 w/ 

w* • 0.5 W,* 

vii.   >ppgnii 

Th« solution of ti* Unlac« equation 

,!•     - 0 

ww found AM In 'Jif. 1 

with ths bounlaz? oondltlcn 

■i*»» 0       for    r • », wo sbtAin I^^iA.*- 0 

which it ruifULäd far 

A, • -^ (a • I, 2 , 3, 

whitro tho   tm^     vro *>« MTO» cf I» 

\ • • • 



.if. 

»« 

•V i/, " >•        :•• 3    • 1.  ■ •.' ''■■ '«'. •  'wo liv.'jr ijr'ja.lo-S f» 

A-  M-i 

•üTö ')•/ :3irl-.- •...Tse   .—.-t« • a ur   ;. V«l-. for ♦.v  '..•.'-crrst'.sr. CTr.rti^r.ts 

A    »nrt :_ 

-- •• u 
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Intrc<iucln*t this into 4    , wo i"ln«Uy "oUin 

«id ^y »pliin« '175 -'nd III) t!-* »ulacl'.y poUntliUi 

BUKni 

For • Unk of mdlin 

••100 ea 

and • fluid hiliht 

h-200 a* 

flllid with Uqvld of diMlty 

thi mammt of laortl« «•• ealevUtad for a portUll/ flllod Unk. 

i««iUi«UoB        ^ -IOOOWM«7 

I- 200 em 

NUIMI rouuea aa«H   *,- J0CO.C523) 

i©.- 1C.L6 a 

forsoil fniuanqr 

f • 0.5 »e"1 

«- • ).ll toe'1 

X- 2.0 

fluid MM     a« r«ivii«j -*ud .1- ^ «r. 

* oouia A        i i \^ "1 

i       .    ••       * 
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TYm wist, which cunsldan only * x«upoint i*or ti-* fluid in tim c«nt4r 

of irtrlty of the .iBdi«t.ufb«d floli, it 

Ttm trrjr it *iout 2Cl, ^ut it of covir» cornldiMbly Mghir Ls 

ratonuov, vtüeh is Tor *Mt fldi htljht and »rcaUfttlon at about 

f • O.a itc.'1. 



-13- 

TIII.   ocwaisic« 

Tht lUMBt or Irwrttt of .<! liquid Hi a elreuUr eyUrutrlcAi tank 

can b* conaldtrsbly ilfr«r«nt fro« lem mrnnt of liwrtl* of tbt MM» 

fluid In • *freMa •tat»*. 

Ttm fluid dynaalef tquanoiui vrm aolymd for «a lacoaprvsaibl« and 

noorlaeQua Uquid In a eoir»ietalr flUai Unk.    Tim ■oatnt of uwrtla 

ratio of U» idMl fluid and »J» umm I'laii la a Troian ttata" m» 

graplad wraua taa noli h*i,ht r«tlo h/a.    It la «en tnat for »»ry 

■all and «»17 M«a flull hal/ht* tx^ ».»Ija trprsachaa 1.    Tim «inlaai 

nljm 1« aprroooLiMtaiy at h/a • 1.72.    Por a tank wltit a actoar« baa«, 

♦J» nlrjjna Ttl« «ould U at "/a • ?.C, l.a. ttm WUSUKM aaouitt ot 

fluid (tphara la ^m c*nt*rj la net afffet»« by tfaa rotation around tf» 

oratar of gniTltj.   In a circular i,!7UR<lri',al tank, M» «dniaua «alua 

of Urn mmmnt of imma ratio la it a htlrht ratio aoravnat «MiUar 

than 2.0 bceaon of tha elrcjlar fen«.    'W« flf, ) «4 1«) 

?ha noaaat of tnartla for a rarrlally nil<i>i rank »arfcrwia« trana- 

latlcnal ^otiona Ma ofctatnaii '>c^ Pmitnr.c» I, and «a «rapnoü far 

4irrerrnt clanrlri .^luaa « {Haferanaa i) «ontua fluid hnlinr ratio h/a 

(Fir,. 5 • ?)•   It can b» aarn »Jat rcn^lirrabla  Jlffaraaoaa occur 

coapaLroi with tha «aaat of inart<a nf tN> aaaa fluid la a 'freaan a^ata*. 

7?» f-Toad fraqußaer olaya in Lnnrttnt roLa ^hleh ran ba BMR fr-sa '^.a 

Taena. 

Ta fljt. ?, :.# ratio jf •..•» -icaant of iMrrla ef »fta Tlold and UM 

aoMBBt cf iaertla it 'im fluid m a •frotar. atata" la ^rapnad «araoa tha 

Huld balut rauo h/a far liffarent ätavln« raluaa «cd dlffarant forsad 

fraquanelaa for a -ar'lally flUad Urk.    .for v*ry low foread frtTuaaelaa, 

it ran t>a m-n •tA*. tJ» -vsaat af inar'la ratio la d«>eraaam^ mry rarldlr 

'ron unity at w* fljifl nali?nt ratio tare •* wwll .lO-^aa for «Bail fl-jid 
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hai^nt r»tica.    n» a iTiid hei.'it ircut- -qt^l to •■t* di43»wr, the ratio 

I« ^rmdutlly lncn»*sir.p to 1, »nd th* daaipln? "ffect la of lets irpcrtanc« 

b«c«uM of ♦.;« greater fluid maas th«t t«kea p«rt in t.f» osclllatxon.    Fcr 

InereMiru; fcrc«d fraqwnclnt, the curvan aprMd out farthtr.   K*ar    r?iK>- 

nuet, for fluid h*iffit« l»aa than ttm dlamat^r, the valut sf t> ronaot 

of laarM« ratl? rraneea consideraMy for -ilff^r^nt iartrinc viluea.    T^ieae 

thrcretic«! nljes, cf courae, uill t« snaller alnc« the rlui-i surface 

brtau up.   For hiriwr fcreed frcTU^nciea, the moment of Inertia ratio 

will ':■« . raster tran 1 for arall fluid Nelrhta alnce tr* rlrrlta on u-.e 

fluid surface are of U* Ti,Tü.tude of the fluid heirht, wrlle for incre«*- 

tnr fluid hel,ht, the ratio is analler than 1 und Increases wr:,' aloviy 

to tht value i..    TMa it due tc the fart that, the sr>all flu: I surfac» 

deflection a<ida cn\y a v*ty snail ancunt tc »Jne rownt of iaertl*. 
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